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INFLUENCE OF MATERIALS AND COUNTING-RATE EFFECTS ON ‘He NEUTRON SPECTROMETRY

Albert E. Evans

Los Alamos National Laboratory
P,O. BOX 1663, MS J562

Los Alamos, New Mexico 97545

The high energy msolutlon of the Cuttler-Shalev ‘He
neutron spectrometer causes spectral measummentb with this
instrument to be strongly susceptible to artifacts cawed by
the presence of scattedng or absorbing materials In or near
the detector or the sourca, and to ~alse peaks generated by
pileup coincidences of the rather Iong-risetime pulse? from
the detector. The effects are particularly important when
pulse-height distributions vary over several orders of mag-
nitude in count rate versus channel. A commercial pile-up
elimination circuit greatly Improves but does not eliminate the
pileup problem. PmIviously reported spurious peaks in the
pulse-height distrl}wtions from rnonoenergetic neutron murces
have been determined to be due to the influence of the Iron In
the detector wall,

WUctbrl

High-m801utlon ~He neutron spectrometers of the
gridded ion-chamber t ypa 1 have been used in recant years to
measure, in heretofore inaccessible detail, the spectra of
dalavod neutrons from fission, neutron spectra from separated
delayed-neutron-amitting Isotopes, a and leaka~-nautron
spectra from fast -critical nuclear assembles. * As the
maasumment nssults are studied with Incmaslnq thoroughness,
it is evident that these datectom are, by virtue of their high
energy rescdutlon, capable of bringing out delalls related to
neutron spectra phenomena no~,commonly observed. Peaks
caused by elastic and inelastic scattering of neutrons fmm
materials adjacent t.o the experiment. as well as kMWJlarkh3$

produced by cross-sect!on resonances In material through
which the neutrons being measured must oass, become dgrd -
flcant In the interpretation of spectra. A second cause of
spurious peaks Is accidental coincidences, particularly between
epithermal neutrons or between aplthermal and higher-energy
neutrons. This paper results mainly fmm ● study of such
phenomena for the purpose of evaluating their appllcablllty to
problems of material Idantlficatk.n.

Exrmrlmental Proce~

A Se forad” model FNS - I spectrometer tuba was umd.
This spectrometer hi ● grlddad -He Ionlzatlon chamber dmilar
to the one developed by Cuttler ●nd Shalev ~ except that the
bolted end flanges w the earlier modal have boon allmlnatad.
The detector was usd with Its thermal chlald of 2 mm of
boron nitride and I mm of cadmium. A modlfled Saforad
model SR - 105 preamplifier waa directly coupled to the
detector, which was operated ●L ●n ●ock bhs of 30LXI V. The
grid bias of 857 V, cbtalned from a 14C41-tM bleeder on tha
anode supply, is the value sat by the marufacturar,

We frequently neerj to use the detector !jl envlrcwments
with slgniflcnnt levels of elactromaqnetlc ●nd acouotlcal
noise. both of which adversely affect the performance of the

%?&a=h-ti~atbn Ltd., Emek I+ayarden, Israel.

detector. SUSPOndirrg the detector and pmamrdifier in StyrO-
foam rings inside a 1S-cm -diarn by 1.6-mm-thick ●luminum
container reduces noise pickup considerably. This shleldad
assembly Is normally placed on top of an air-cushioned optical
table.

Tho electronics system (Fig. 1) is similar to a previously
described system,” except that the ORTEC Model 450
amplifier in the older system was r@aced by ● Modal 572
amplifier, which has an internal pileup-ln~tion circuit.
Veto pulses fmm the pileup circuit am usad to gate off the
ADC of the multichannel analyzer to pileup-distorted pukes.
However, becwse of the long time constants (6 vs) needed to
obtain good energy resolution fmm this detector, pileup
m)ection was effective only against partially overlapping
pulties: accidental near-coincidence pulses appaarod as sum
pulses.

Pulse-shape analysis Is used principally to saparata
~He-recoil pulses from the distribution. Risetlme distri-
butions of ‘t+e-mcoH pulses and pulses fmm the*He(n,p)8H
reaction overlap, but If one is willing to sacrifice two-thirds
of the ‘Ha(n,p) pulses it is pcdble to obtain a pulse-height
distribution almost fme of “He-recoils. Pulsa-shapo ●nalysis
also improves energy resolution by re)ecthwq pukes distorted
by noise or pileup. The pulse-risetlme distributions do not
shift wch in time with neutror, energy: themfora use of the
rlsetlme gate as shown In Fig. I Is as effective as a full
two-parameter acquisition of rlsethle versus pulse height, and
the data are far easier to reduce.

For the transmission measurements described below,
spherical thells of materials surroundad a as ‘Cf source
emlttlng about 5 x 10a n/s, centered 20 cm from the axis of
the spectrometer. Statlstlcally acceptable pulse-height
distributions warn acqulmd in 16 h. Dur}ng previous work the
spectrometer was calibrated using monoandrgetlc ‘Ll(p,n)~Ba
neutrons fmm a Van da Graaff accelerator, and ● program was
wrlttm tc reduce pulse-height data to neutron spectra wltl I
the TN-40W data cystem. w Howev@r, since the purpose of this
pafm Is to Illustrate effects of materials on pulaa -hdlght
dlstrlbutlons, most results ●re presented unmduced.

This study was partially motivated by ● recent measur-
ement of the neutron spectrum from ● mpllca of the Little Boy
device used ●t t+lroshima.~ The repllca consisted of a physical
dUpllCatO of ttw or~glnal hdsembly with the flsslle content
reduced ●nd the rapid-assambly mechmlom replaced by ●

vernier ●ctuator. The ●ssembly was then ossentlally a wnall
fast reactor oparatlnq ●t a power Iovel of ● few mllllwatto
inside ● massive iron rdlector. A typical neutron ?pectrum is

ohown In Fig. 2, together with the ENDF -d -V total neutron
croso-oectlon for iron. The peaks, particularly the dominant

—— ———
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Fig. 1.
Electronic used with the ‘He neutron spectrometer.
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one ●t 20 Imv. correlate well wlm mmlme m me mm cmas-
aaction. Pulse-height dlstrlbutiom from a ‘s *Cf source, bam
hnd SUrroundd by I and 2 In. of Iron, ●re shown In Fig. J. In
this figure, tha horizontal axis It the energy atworbed In the
detector, Le., the neutron energy plus 764.5 keV. Of parti -
cular interest It the fact that tha 72-, 152-, and lBO-keV
peaks are present In tha pulse dlstr!butlon from tha barn
sourca. These Pesko have been W., bafom and their behavior
studiad for incident monoanergetic neutrons. ~ They am
mwnant for 390-keV incident neutrons. It Is now safe to
conclude that the p ak$ for the bare spactmmeter originate In
tha atainlam-oteal datector wall.

Pulse -helqht apactra am pmsentad In F Iq. 4 for
trwwnllsslon of ~’8Cf nautrmnt throuqh (a) alumlnum, (b)
Coppar, (c) nickel, (d) Lltanlum, (e) t In, and (f) sulfur. In F lg. 5,
tranomhhn apactra for (a) cadmium, (b) tungaton, (c) zinc, (d)
Iaad, (., pota~lum chlorlda, a;,d (f) ● S-mm-thick 10i3 -Al
shlold about ttta detector, The mpatltlon III many gpectra of
puluot In tha viclnlty of 72, i 28. ●nd 180 keV Indlcrntes the
pmalblllty of intaractkm of nautrons ckwnca!tamd by tha
tastmatariala with ~attarinq mlnlma In the apactmmetar
wall. Similar m maurafiwntt havo baan mada using mflecthq
hamlqhora only, with comparable reoults, fQo ●ffort hat bean
mti to cormlata thaw data to nuclaar ctructutw tha )ry:
them h no debt that ● good daal of Information could ba
obtalnad from fnrmel undemtandlng of the work.

lo-
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Tha results Mlcata a podblllty for dwalopmant of
nautron trammlmlon or mflectlon tachnlques for bulk material
l~tlflcatbn ●nd ●nalysls. At thla tlma, howwm, such

Fig. 2,

tachnlqm donotaaam cwnpatltive with ●lttwnativa tech-
Comparison of the neut mn spact rum from the 1-It t la Boy

nolog!os such ●s rwutron captura-wmma -ray WOCt mnat I y,
replica with the total neutron trot.-section ~f hon.

Of w Immudlate bnportancs Is thanaed thmt then data
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Fig. 3.
Ef feet of iron on the pulse-height distrbut ion for neutrons
from a 2saCf source.

show for care in planning experiments and interpreting results
when one uses a high-resolution neutron spectrometer. For
example, many of our earlier spectra waro nleasurad with the
spectrometer mounted on an optical table whose top wac made

L
of heavy soapstone magnesium acid silicate. t-t, btg,(sic,).].
In Fig. 6, we show t effect of thesoapstone un the response
to a monoenergetic beam of 1-MeV neutrons. The Indicated
peaks in the upper curve are consistent with elastic scattering
from oxygen, magl)esium, and silicon. With the soapstone
removed, a small peak remains at 942 keV. probably due to
scattering fmm Iron. A peak at 122 keV was greatly reduced
when an iron slab under the soapstone was also removed and
replaced with aluminum; this same peak was enhanced by
placing an imn reflector behind the 5atector. Also vl$lble in
tha figure are the full-energy peak fmm a 500-koV ImpurIty in

the incident neutron beam and a proton-recoil contlnuurl
caused by the presence of an organic quench gas h t the
spectrometer tthe.

Countlna-Rate-Deoendent Effectl

In Fig. 7, we show thn raw pulse-height distribution fmm
● measurement (described above) of the neutron spectrum
fmm Little Boy. We measured the background by placing a
~hado+”’shlold between the nuclear assembly and the detector.
Evident m ma background am an aplthmmal peak, a chance-
colncldsnce peak between eplthermal neutrons, wall effect
●ssociated with the cha!tce-colncldance peak, and unsup-
pressed pileup on the high-energy side of the epithermal peak,
The first effort at mductkm of them data, after subtraction
of the background, showed structure between 765 and
I(XXI keV, which wae not consistent with a prcton -recoil -
counter measurement of the same spectrum (Fig. B). This
structure IB due to ●ccidental colncldanca betwaon epltilermal
background neutmms and the flint energatlc peaks of the
spectrum shown In Flq. 2.

A correctionfor accidantalehcidanoepukes h *ivad
M follows. A Pulaa Of wn@uda correqmndkq to channel k h
a2aumed to be generated by coincldarrce of Pulsea corre-
spmdlng to channels (j) and (k-j) with a fmbebillty
Pl(j‘ T N Nk-j.*NI N]UMfNk-jam th6counthJrates in

hchannels ) ●nd (k-j), r4s8pective1y, ●nd t is the effacti~
coinckfenc.e resolving time. The total coktcidance ccunting
rate Pk in channel k is than given by

k

j=l

Hem, partially ovcplapphg pulses, which are mostly elimi-
nated by the pile~-inspection circuit, are lgnamd.

Wham the pulse spectrum hI domhated by an apitharmal
peak, the calculated accidental coincidence spectrum will be
an image of the singles spectrum, knva+ m intensity, shifted
upwards in energy by 764 keV. and somewhat broadened in
energy resolution. In practice, the constant T is ad]usted to
just remove the epithermal coincidence peak fmrn thespac-
trum.

Figure 9 compares the Lktle Boy neutron spectrum a?ter
cormctirm for accidental coincidences with spectra derived
from pruton-mcoil prqxmtlonal counters and an NE-213 liquid
scintillator. Differences below 600 keV am attributed mainly
to resolution differences between the*Ho and proton-recoil
spectrometers. Above 800 keV, and particularly between 600
and 1000 keV. there is still evir%nca of a small positive bias in
the *H6 results, whlrh could come from leakage of partially
overlapping pulses into the spact,wm or the acceptarwe of
some coir}cldence events involving sHe recoils and full-energy
pulses. Available counting statl~tics, however, are not
adequate for further mfinament of the ~He data.

Mechanisms for generating spurious peaks in high-
resolution ne~tran spectra have been explored. Spectra
resulting fmm transmission of a continuous neutfmn 9pectrum
through most materials will have peaks and nhima that cor-
respond ta msonancas in the total nautror cross-+ectlon of ttw
materials In question and that am potentially UdefUi for mate-
rial anaiynls. Peaks can also mnult frum elastic scattarhg in
materials near the source or the spectrometer, The possibill!y
of qenarathg such peaks must be considered In plennlng a!~
eaperlme~t and In interpreting tha results.

The effect of gamma-neutron and gamma-gamma plle~
on the response of the Cuttler-Shalev datector has baen das-
crlbed PMVIOUSIY.* To has phenomena ●m now added the
effects of charwe neutmn-nauwon colncldar%es that am
prominent when hlm neutron counting rates ●m encountered,
particularly w%en the spaccrunl ha~ ● large opithermal com-
ponent. if ● pile~-rajectlon circuit Is US( d to allmlnatm the
continuum re.ulllng from partially overlapplnq pulses, ● simple
calculation can be wed to eliminate most, but not ●ll, of the
mmalnlng chance colncldenca PUIWM fmm tha spectrum.
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